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Abstract
We propose a complete study in order to give a number

of recommendations for MPEG-x and MJPEG2000 coders for
video surveillance application. This study aims to achieve low bi-
trates for the different coders but similar perceptual quality than
a hardware one based on MJPEG at 5.6 Mbit/s. First, we pro-
pose a subjective test according to the ITU recommendations,
the Double Stimulus Impairment Scale (DSIS) which measures
the global sum of perceived degradation, as well as the Double
Stimulus Continuous Quality Scale (DSCQS), which measures
the visual impression for each video. Then, an objective study
has been carried out. The three metrics used for this objective
test are: Peak signal Noise Ratio (PSNR), the Universal Quality
Index and a new metric that we have developed. Finally, a study
of the correlation between the subjective and objective tests are
performed in order to make some recommendations about the bi-
trate achieving similar quality.

Introduction
Video compression plays an important role in the frame-

work of video surveillance. Moreover, the video needs a very
big storage capacity. For this, compression could reduce this
capacity to better handle the data. Many codecs are used, some
of them use a frame by frame methodology, like MotionJPEG
(MJPEG) and MJPEG2000 [9] when the others work with
a temporal redundancy aspect as Moving Picture Experts
Group (MPEG) family [10, 11, 12]. In major cases, the codec
introduces some artifacts in the video [7] except in lossless
compression. These artifacts affect the visual quality of the
compressed video.

However, for the video surveillance applications, the
codec should not give a bad visual quality because we need
to recognize the face of the person for example. The main
way to achieve a qualitative measurement is to proceed with a
joint subjective and objective study. The subjective methods
exploit the judgment of human observer and need specific
conditions such as normalized room, controlled lighting, etc.
When the subjective test is performed and the statistical analysis
is completed, the obtained data is considered as coherent and
could be recorded in the subjective report.

The objective methods are based on the impairments
measurement between the original and the compressed video.
These can use simple mathematical measurement like Peak
Signal Noise Ratio (PSNR) or can integrate some properties of
the Human Visual System (HVS). After these two tests, it is
necessary to study the correlation between the subjective test

and the objective one. For this, VQEG (Video Quality Expert
Groups) gives some recommendations to correlate subjective
and objective results [1].

This paper describes the experiments that we have con-
ducted with different types of video coders. The purpose is
to give recommendations on video compression bitrates for
different codecs allowing to obtain the same visual quality than a
fixed hardware coder (MJPEG at 5.36 Mbit/s) and to give some
quality threshold for the used metrics for future evaluations.
The tested codecs are an implementation of MJPEG2000,
MPEG-1, MPEG-2 and MPEG-4. The videos have been
selected with medium size Common Intermediate Format (CIF)
and are representative of the video database on which we worked.

Subjective ratings were obtained for the resulting test
sequences using two methodologies defined by ITU-R Recom-
mendation BT.500 [2], namely Double Stimulus Impairment
Scale (DSIS) and Double Stimulus Continuous Quality Scale
(DSCQS). Objective ratings were obtained by using three
measurements. The PSNR and two others that integrate some
properties of the HVS namely the Universal Image Quality
Index [3], and a new metric [4] that we have developed for this
study.

This paper is organized as follows. In the section 2, we
describe the subjective assessment methodology. The objective
assessment is presented and its correlation with the subjective
one is studied in section 3. Finally, we give some conclusions
and future works in section 4.

Subjective Assessment
Methodology

For the test sequences, the videos used for subjective per-
formance evaluation represent the real condition for the video
surveillance. Four codecs were tested MJPEG2000, MPEG-1,
MPEG-2 and MPEG-4. According to the coder, different bitrates
are tested. The bitrates are chosen linearly, we divide the bitrate
reference (5.6 Mbit/s) by 2, 3, 4, 5, etc.
Because the technologies of the coders, some coders are tested
with a higher number of bitrate. The table 1 shows the bitrate
scale for the different coders.

The viewing conditions are in conformity with the ITU Rec-
ommendations as described in [2, 5]. The Figure 1 shows an ex-
ample of the laboratory setup. The distance between the screen
and the observer was of 60 centimeters to respect the viewing
conditions of the supervisor in real application. The monitor used



Coders bitrate
MPEG1 0.76 to 5.36 Mbit/s
MPEG2 0.67 to 5.36 Mbit/s
MPEG4 0.357 to 5.36 Mbit/s
MJPEG2000 0.76 to 5.36 Mbit/s

in the subjective assessment is a calibrated CRT display (24” de-
signed by Sony). Each session was limited to 25 minutes in order
to maintain the attention of the observer. The walls are of a neu-
tral gray. All clips were displayed at 25fps, and all clips were
shown at the same bitrate (video were first decompressed).

Assessment Methods
The two assessment methods used are specified in ITU-R

recommendation BT.500 [2]. The perceptual quality needs to be
the same as a MJPEG codec for a bitrate at 5.36Mbit/s. To ap-
prove the last point, we have to compare the MJPEG video with
the other video coders. This is the subject of the Double Stimulus
Impairment Scale (DSIS). In the other case, we want to compare
the coders between them. This is the Double Stimulus Contin-
uous Quality Scale. - In the Double Stimulus Impairment Scale
(DSIS) test, observers are shown multiple sequence pairs consist-
ing of a reference (MJPEG at 5.36Mbit/s in this case) and a test
sequence (MJPEG2000, MPEG-1, MPEG-2, MPEG-4). They
score the test sequence on a discrete five level scale ranging from
”imperceptible” to ”very annoying”. - In the Double Stimulus
Continuous Quality Scale (DSCQS) test, observers are shown
multiple sequence pairs consisting of video ”A” and video ”B”
where ”A” and ”B” could be MJPEG2000, MPEG-1, MPEG-2 or
MPEG-4. They score each video on a linear scale ranging from
”very good” to ”very bad”.

Figure 2, shows the scoring interfaces designed for this
study. For each sequence pairs test a small sequence (2 seconds)
announce the following video. This sequence allows to inhibit
the short memory of the observer. Each video sequence lasts 12
seconds. The scoring time is unlimited.

Observers
For this study, 23 non-expert observers have participated to

the test session. Each observer was tested for this visual acuity
(Snellen test) and his color vision (Ishihara test). These tests are
performed in order to detect color or visual blindness that could
distort the results.

Figure 1. Example of laboratory setup

Figure 2. Scoring Interface designed for the subjective experiments

DSCQS.

Subjective data analysis
After the subjective test, it is necessary to compute the re-

sults in order to obtain the Mean Opinion Score (MOS) and the
95% confidence interval [2]. These results are computed with the
population that has passed successfully the kurtosis test [2]. This
test allows to keep only the observers having a stabilized opin-
ion. To facilitate the analysis, a digital value is given for each
quality scale. For example 5 indicates the ”best quality” and 1
the ”worst quality”, in the DSIS test.

Figure 3. MOS DSCQS (top) MOS DSIS (bottom) vs. bitrate. The vertical

bar indicates the ranges of 95% confidence interval

From figure 3, it is possible to notice that the two tests carry
out toward the same conclusion; MPEG-4 coder has a better per-
ceptual quality at low bitrates than the MPEG-1 and MPEG-2
coders. This result is due to the technology of the coders, notably



the precision for the motion vectors. Moreover, the MJPEG2000
gives the worst results. These two tests are very interesting be-
cause they allow to define the perceptual quality of the video. In
fact, between the scale 60 - 80 for the DSQCS test observers find
the video of good quality, corresponding to a bitrate between 0.5
and 5.36 Mbit/s or 1.5 and 5.36 Mbit/s according to the coder.
If we want a perceptual quality equal to the one obtained with
MJPEG at 5.36Mbit/s, it is necessary to have a MOS between
3.5 and 5 for the DSIS test. These values were obtained for a bi-
trate equal to 1Mbit/s for the MPEG-1 and MPEG-2 codecs, 0.76
Mbit/s for the MPEG-4 codec and 3 Mbit/s for the MJPEG2000
codec.

Figure 4. Comparison of DSIS and DSCQS MOS. The vertical bar indi-

cates the ranges of DSCQS scores (95% confidence interval ) within the

corresponding DSIS score.

The figure 4 allows to make a comparison between the DSIS
and the DSCQS tests. A linear correlation could be seen. The
Pearson coefficient allows to know the correlation between two
set of data [2]. Here, the Pearson correlation is about 94%. So,
we are able to say that the DSIS and the DSCQS data are coherent
and : ”The quality of the reference video that seems good for the
observer is equivalent to quality with a bitrate between 0.5-1.5
Mbit/s obtained with the coders.”

Objective Assessment
Subjective assessment is expensive and time consuming.

Therefore, an objective evaluation metric would be more
interesting. The main idea is to determine a threshold, with
regards to the subjective assessment. To attest that a metric
gives good results according to the human subjective judgment
it is necessary to study the correlation between the different
information. For this, some tools could be used [8], in which we
have the Pearson linear correlation which gives the correlation
between the real MOS and the predicted one (metrics results).

Here we propose to test three different metrics. The three
objective metrics need to compute rapidly for that, the three
objective metrics used are the PSNR, A Universal Image Quality
Index [3], and a New Metric that we have developed [4].
Peak Signal Noise Ratio (PSNR) compares the difference
between pixels frames, when two frames are equal the value is
about 40dB when they are different the value is about 20dB.
These metric is not always correlated with the human judgment,
nevertheless in the case of video compression a good correlation
can be done.
The HVS is a very good contrast perception. So, the universal
Image Quality Index [3] and the New Metric [4] works in the
local contrast of the picture. They have respectively a range

between -1 to 1 and 0 to 1. Where 1 [3] or 0 [4] is obtained
when the two pictures have the same perceptual quality, -1 or 1
are obtained when the perceptual quality between two picture
are worst.
The image Quality indexing approach is the following:
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(1)

x̄ =
1
N

N

∑
i=1

xi, ȳ =
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Equations 1,2, 3 and 4 formulate the correlation between
two pictures. In the formula we have in fact three components.
One components for the linear correlation between x and y. The
second components measure the difference between the mean
value of x and y. The third components which measure the
similarity of the contrast.
This metric is apply as follow :
Starting from the top-left corner of the image, a sliding win-
dow of size A∗A moves pixel by pixel horizontally and vertically.

The New Metric works also on the contrast but by another
approach. We compute the contrast for a window of size A∗A by
equation 5.
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The difference is performed window by window between
the reference image and the impaired one as shown by the
equation 6. The final result is obtained by equation 7 where θ
represents the maximum of admissible distorsion.

Figure 5. Example of results for MPEG2 by PSNR.

Figures 5, 6 and 7 show the results of the different metrics
for the coder MPEG2. We can see the same shape for the three



Figure 6. Example of results for MPEG2 by the New Metric.

Figure 7. Example of results for MPEG2 by the Index.

metrics.

It is possible to find the different thresholds using the
precedent figure. In fact, for each bitrate we can associate a
value. This value will serve later to know if an implementation
of a coder gives better or less quality.

However, before using the value or the threshold it is
necessary to have a good correlation between the prediction and
the value obtained by the subjective assessment. For this, some
mathematical tools can be used like the Pearson coefficient.
Figure 8, 9 and 10 show the MOS prediction vs. the subjective
MOS. It is possible to notice that the correlation is good. In fact,
when the collection of values is linear that infers a significant
correlation. Indeed, the Pearson correlation values are close to 1
for all sequences.

Starting from the previous study, we can assume that we
have determined the thresholds for different metrics described
above which the quality will be considered as of good enough.

Conclusion
In this study we carried out some bitrate recommendations

to work at same perceptual quality than a MJPEG hardware
codec. Subjective and objective tests were performed. We tested
four codec: MJPEG2000, MPEG-1, MPEG-2 and MPEG-4. Us-
ing the subjective test, for the same perceptual quality the bi-
trate recommendations is between 0.76Mbit/s for the MPEG-4
to 3Mbit/s for the MJPEG2000. The objective test give thresh-
olds that can be use after to give the perceptual quality of a coder

Figure 8. Prediction MOS New Metric vs. subjective MOS. The errors bar

indicates the 95% confidence interval.

Figure 9. Prediction MOS Index vs. subjective MOS. The errors bar

indicates the 95% confidence interval.



Figure 10. Prediction MOS PSNR vs. subjective MOS. The errors bar

indicates the 95% confidence interval.

using the same data of video.
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